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This invention relates » the field of vacuum pumps. In part.cu.ar 
then™, control of vacuum pumps with a screw type configuration. 

Screw pumps usua.ly comprise two spaced parallel shafts each 
carrying extern* threaded rotors, the shafts being mounted !n a pump 
bOQ y such that the threads of the rotors .ntermeah. close toleran es 
belen the rotor threads at the pOn* of Intending and w,* the 
ntma, surface of the pump body, which acts as a stater, causes volumes 
, « gas being pumped between an inlet and an oudet to be , wpp- 
Jween the mreads of the retors and the interna, surface and thereby 
urged through the pump as the rotors rotate. 

Prior art screw pumps use a water cooling jacket around sections of 
the machine In order to remove the heat of compression. However , tte 
5 wet of the machine does not have any cooling system * Mow 
pressures, there is little heat of compression to be removed from the ,nlet 
As tte pressure increases any additional heat Is dispersed from the inlet 
by the increased gas now through it. Where the pump is located in a cold 
environment, surface temperatures wfchln the Inlet of the pump may 
,0 reduce significant* and form cold spots such that gaseous waste products 
" ft™ the evacuation chamber condense into „,u,d pools In 

regions. These pools can be formed from highly corrosive acd or base 
fluids and can lead to damage, of the pump components, wh.ch, ,n turn, 
can reduce the life of the device. 
, 6 screw pumps are Increasingly being utilised In a broad range of 

appHcatlons. For example v*h,n a pharmaceudca, process area »e same 
pump may be required to perfbm, numerous different app.lcations. Whilst 
"he configuration of a pump may be toilored to a particular apptohon. 
once the appllcaBon is altered. Idea, conditions will no longer be present 
30 and the pump will not be performing at peak/optimum efflaancy. 
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It is an aim of the P"»»* Invention to overcome some of the 
aforementioned problems associated with screw pump technology. 

According to the present Invenbon *ere Is provided a pump 
comprising at least one rotor, a stator and a housing the housing 
comprising an inner sldn and an outer . W n, a first cavHy being formed by 
the inner «*, the n*»r being mounted therein a second cavity being 
formed between the inner and outer skins of the housing through which a 
flow is circulated. In use, wherein, the second cavity extends the length of 
and encircles the rotor. 

The inner skin of the housing may act as the stator, In use. The 
rotor of the pump may comprise one inlet portion and two exhaust 
portions such that the pump is a double-ended pump. 

The pump may further comprise a fluid channel within either the 
rotor or the stator, or there may be a fluid channel located within each of 
these components. A thermal controller may be provided for controlling 
the temperature of any fluid in these channels. The thermal controller 
may comprise a temperature sensor, located at the stator and a further 
temperature sensor, located in the vicinity of the exhaust. Additionally, 
the thermal controller may include at least one of each of a variable speed 
20 flow pump, a thermostatic control valve and a heat exchanger. 

The pump may be of any known form, for example but not strictly 
limited to; a screw pump, a claw pump or a roots pump. 

According to the present Invention there is further provided a 
method for releasing the rotors of a pump that have seized due to the 
presence of deposits of a substance which has solidified, on the Internal 
working surfaces of the pump on cooling, comprising the steps of: 

introducing a thermal fluid Into a cavity provided within the housing 
of the pump, the cavity encircling the rotor components; 
heating the thermal fluid in the cavity to a predetermined 
temperature, this temperature being sufficiently high to cause the 
deposits to be softened; and 
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applying torgua to the rotors of the pomp to overcome any 
rema.mng Impeding force caused by the depoSts located on the 
- Internal working surfaces of the pump. 
According to the present Invention there Is further provided a 
5 method for controlling a clearance between a rotor and stator within a 

j.1 .»u«<i ««r«B(-i S inii the steps of: 

Dump of the present mvenciun, uic ...cm^m ^..^..w,.. a - 

(a) recording the. temperature of each of the stator and the rotor 
from the sensors; 

(b) calculating tiie temperature difference between the stator and 

10 the rotor; 

Cc) comparing the temperature difference with a predetermined 

value; 

(d) determining suitable values of flow rate and temperature for the 
fluid in the fluid channel to achieve the predetermined temperature 

15 difference; and 

(e) instructing the thermostatic control valve and the variable 

speed flow pump to realise the values from step (d). 
The method steps may be repeated automatically at predetermined 
time intervals in order to manage perturbations in the configuration of the 
20 pump over time. 



as 



The thermal controller 
be embodied In a computer, 
computer software which, wr 
perform the method steps (a) 



■nay comprise a microprocessor which may 
which In turn is optionally programmed by 
en installed on the computer, causes it to 
to (e) mentioned above. 
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The present Invention 
level of thermal control, 
operation of the apparatus 
clearances, reducing the 
reducing thermal lag in the 
restart In circumstances wherb 



ejnables a pump to be subject to an improved 
allows benefits to be achieved during 
In terms of providing optimised running 
of cold spots in the inlet of the pump, 
apparatus and enhancing the likelihood of 
deposits are formed due to cooling. 



This 



occu re nee 
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An example of the present Invention will now be described with 
reference to the accompanying drawings in which: 

Figure 1 Illustrates a schematic plan cross section of a screw pump 
of the present invention? 
5 Figure 2 illustrates a plan cross section of a double-ended screw 

pump of the present invention; 

Figure 3 Is a flow diagram of a temperature control circuit of the 
present invention; and 

Figure 4 illustrates further detail of the interface between the rotor 
10 and the. stator of the pump In Figure 2, 

Screw pumps are illustrated in Figures 1 and 2. Two rotors 1 are 
provided within an outer housing 2. The two contra-rotating/ 
intermeshlng rotors 1 are positioned such that their central axes He 
parallel to one another. The rotors 1 are mounted in the housing 2 via 
15 bearings 3. The single ended pump of Figure 1 comprises an inlet stator 4 
and an exhaust stator 5, whereas the double ended pump of the example 
in Figure 2 comprises an Inlet stator 4 positioned between two exhaust 
stators 5. 

The housing 2 is provided as a double skinned construction. The 
20 internal skin acts as the stator of the pump. A cavity 6 is provided 
between the skins of the housing 2 such that a cooling fluid, such as 
water, can be circulated around the stator in order to conduct heat away 
from the working section of the pump. This cavity 6 encircles the full 
length of the stator i.e. over the Inlet stator 4 as well as the exhaust 
25 stators 5. Cooling fluid is circulated through this cavity to draw heat away 
from the hot surface. By providing the water jacket over the length of the 
stator, heat generated towards the exhaust end of the rotor can be 
redistributed to the earlier stages when necessary. This will enable the 
temperature gradient to be reduced and allow a mora uniform 
30 temperature to be maintained over the surface of the pump. 
Consequently, the 'cold spots' found in the prior art can be avoided and 
condensation of potentially corrosive materials in the rotor Inlet are 
substantially reduced. Furthermore, thermal lag is introduced into the 
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system due to the presence of a complete water jacket which effectively 
prevents rapid temperature changes in the stator and rotor surfaces e.g. 
through wind chill effects. 

In some cases, the waste products passing through the pump 
S comprise a waxy or highly viscous substance and deposits are formed on 
the surfaces of the pump during operation. On shut down of the pump, 
these deposits cool and may solidify. Where such deposits are located in 
clearance regions between components, they can cause the pump to seize 
up. The motor may then provide insufficient torque to overcome this 
10 additional friction and cause the rotor to rotate. Additional torque can be 
applied using a leverage bar inserted into a socket on the shaft, which can 
then be rotated manually. However such a technique exerts a significant 
load on the rotor and may cause damage. However, it may not be 
possible to exert sufficient load to release the mechanism and force the 
15 shaft to rotate, under these circumstances it may be necessary to 
decomission the apparatus and take it out of service either for 
replacement or repair. An alternative use of the water jacket of the 
present invention can be Implemented in these circumstances where the 
pump has become seized due to cooling of the rotor. The fluid in the 
20 cavity 6 of the housing 2 may be heated to raise the temperature of the 
stators 5 and the rotors 1. This can enhance the pliability of the residue 
and may assist in releasing the mechanism. 

Figure 3 shows how fluid circuits 11,12 and 15 may be used to 
control thermal conditions within the pump. The cooling liquid, typically a 

25 mixture of water and anti-freeze, is provided fn a first closed circuit 11 
with a circulation pump 17. A second fluid circuit 12, typically containing 
water y comprises a second circulation pump 18 and a thermostatic control 
valve 13, A heat exchange component 14 is provided between these two 
fluid circuits ll r 12. The valve 13 receives an input signal from a thermal 

30 sensor 21 located at the stator and uses this to maintain a suitable flow 
rate In the second circuit 12 to govern the temperature gradient over the 
heat exchange component 14. This temperature gradient, in turn, 
maintains the temperature of die first circuit 11. 
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shaft 8. The body of shaft 8 Is ****** 
than the diameter of the cooling ««y 7 within the body of the ft*, r. 
" cooling channel ,s provided, through which a coolant matens. 
licaUy oil, may be passed. This d^nne. is kept Ml to encourage « 
"eed of the coo.ant bo be as high as possible. Ir , -*r to enhance 
LTcooHno function by maintaining the temperature cMfer-c. b^«n 
the „*, and the coolant and transport heat bade tea coolant 
Lrvom Tne cooling system inlet and outlet ere provided through the 
shaft component S. 

Returning to Figure 3, It cen be seen that the oil Is retained in 
mother closed drcuit 15. This drortt IS comprises a *ermc**Ic «M 
valve 16. a drculsdon pump 19 a Alter 20 and a heat exchange 
component 14. Thfc heat exchange component Is In contact with a second 
cooling drcult 12'. which may be tte same clrcufc 12 as desenbed abo- 
Tne dLnostadc contra, yalve 16 receive, an Input signal from a second 
therma. sensor 22 which Is located within the vicinity of *e exhaust This 
second dermal sensor may be .ocated for example on the stater or ,n the 
exhaust flow. 

By introducing two thermostatic control valves as described. It Is 
pebble to conbo. the temperature of the pump rotor ^ . 

Lor temperate. The rotor to stator dearance d (a taW-h 
Figure 4) in a saew pump Is a Unction of this difference In temperature 
between the rotor and the stato. By controlling the temperatures of 
. ^1 components it Is possible to centre, the magnitude of this prance 
d Furthermore, It is this dearance d that determines the leve, of leakage 
or process gas between the rotor and *e stator. such that the volume of 
, ieaLe Is proportional to d> «er Intermediate, transitional - ow - show Jn 
•Modem vacuum practice" by Nlge, Harris, McGraw Hill (p231 sine? 
JLg. affects the p=*rmance of the pump, it follows ft* the 
perJmance of the pump can be optimised by centring the 

6 pmm&Mco&^zm'&tei 
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temperatures of these components. Furthermore, It is bengal to be 
™ maintain ounces d such that any par*^ „«- *. 
process uas does not form a blockage within these clearances and tt*s 
S*. free running of the rotori. Such obstruct can -^effect 

gas but also trough additional torpue that must be app.1 - » 
L motor ,n order to maintain the appropriate speeo or rotate., u. M - 
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By prov.dln 9 a temperature control circuit within the rotor It Is 
possible to thermostatically control rotor temperature relative to *e 
stater temperature to opHmise rotor/stator clearance d. In Its simple* 
implementation the present Invention can be used simply to avo,d cold 
spots and thus eliminate corrosion due to condensation build up as 
discussed above. In a more sophisticated Implementation, Input signals 
can be taken from sensors mounted on each of the stator 5 and the rotor 
1 and these signals can be used In a dosed loop control system to 
maintain a set temperature, for example less than i35 °C. TOs allows a 
pump using the present Invention to safely process materials with a 
known auto-ignition temperature; 

However, as discussed above, the present invention can be used at 
an even higher level of sophistication to select particular temperatures 
that will result in a particular clearance d being achieved and maintained. 
Under norma, operation, a dry pump will attain a particular pumping 
speed determined by clearance between the rotor and the stator. If the 
inlet pressure to the pump is increased more gas will enter the pump 
This additional gas will cause the rotors to cool down with respect to the 
stator" and hence the clearance d between these two components will 
increase. It follows that, at higher pressures, a significant amount of 
ieakage around the rotor will occur. This is particuiarly problematic when 
pumping gas species such as he.ium, which typlcaiiy result in iow pump 
speeds and gas throughput being achieved when approaching atmospheric 
pressures. WRh the control feature of the present invention it Is possible 
to artificial reduce the clearance d between the rotor and the stator. 



, „Mv teakaae around the rotor may be reduced and the efficiency 

pump.ng helium. * is desirable to ™<™< °^™ n "J^. 
leakage. However, the seme pump could be. used ,» « 

J=Hon to Dump Argon where e larger gap would be required. By 
5 SST. pump <h* can a— be opumfced during opera«,n to 
ZctlonUendy under varying cend,t,ons, a = ^ » 
ach.eved. This functionality can be used to good effect m nelds, such as 
*. pharmaceudca. or chemical process industr.es, where , a s,ntfe pump 
10 needs to be used for different applications using the same tool.ng. 

The temperature oontro, can be dynamic wMn a particular 
process, on start up there «... typicaily be a greater teutons 
difference since the temperature of the rotor increases at a > ?• 
Z the stator. However, once the pump has reached a steady etoto B* 
. ™ Hwter^ce will be reduced. By performing the temperature 
15 temperature difference w,ll be re y H ^ 

control dynamically, this early difference can be miram. 

daaronce d can be maintained at an approximately steady value. This, In 

turn, will lead to a more consistent level of pump efficiency. 

-me present .mention is not restricted for use .n screw pumps and 
w may readHy be applied to other types of pump such as daw pumps or 
roots pumps. 

It is to be understood that the foregoing represents just a few 
embodiments of the invent, others of which * no 
skilled addressee without departing from the true scope of the .nvenfcon 
25 as defined by the claims appended hereto. 
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1. A pump comprising: 

at least one rotor; 
3 state r; and 

. . housing, the housing comprising an inner skin and an outer skin, 
a m cavity being termed by the inner skin, the rotor 6e,ng 
mounted therein end . second cavity being formed b~ *e 
, n ner end outer skins of the housing trough which e fluid ,s 
circuited, in use, wherein, the second cavity extends the length of 
and encircles the rotor. 

2. A pump according to claim 1, wherein the inner skin of the housing 
acts as the stator, in use. 

3. A pump according to claim 1 or claim*, wherein the at least one rotor 
comprises one inlet portion and two exhaust portions such that the 
pump is a double-ended pump. 

4 A pump according to any preceding claim, further comprising: 

at least one fluid channel located within the rotor and/or the stator; 

and 

a thermal control means for controlling the temperature of a fluid, 
when present, in the channel. 

5. A pump according to claim 4, wherein the thermal control means 
comprises: 

a first temperature sensor, located at the stator; and 

a second temperature sensor, located in the vicinity of the exhaust. 

6. A pump according to claim 4 or claim 5, wherein the thermal control 
means further comprises: 

at least one variable speed flow pump; 

at least one thermostatic control valve; and 

at least one heat exchanger. 



7. A pump according to any of claims 4 to 6, wherein the thermal control 
means includes a microprocessor. 

8. A pump according to any of the preceding claims, wherein the pump is 
one of the group of a screw pump, a daw pump and a roots pump. 

9. A method for releasing the rotors of a pump that have seized due to 
the presence of deposits of a substance which has solidified on the 
internal working surfaces of the pump on cooling, comprising the steps 
of: 

introducing a thermal fluid into a cavity provided within the housing 
of the pump, the cavity encircling the rotor components; 
heating the thermal fluid in the cavity to a predetermined 
temperature, this temperature being sufficiently high to cause the 
deposits to be softened; and 

applying torque to the rotors of the pump to overcome any 
remaining impeding force caused by the deposits located on the 
internal working surfaces of the pump. 

10. A method for controlling a clearance between a rotor and stator within 
a pump according to claim 6 or claim 7, the method comprising the 
steps of: 

(a) recording the temperature of each of the stator and the rotor 
from the sensors; 

(b) calculating the temperature difference between the stator and 
the rotor; 

(c) comparing the temperature difference with a predetermined 
value; 

(d) determining suitable values of flow rate and temperature for the 
fluid in the fluid channel to achieve the predetermined temperature 
difference; and 

(e) Instructing the thermostatic control valve and the variable 
speed flow pump to realise the values from step (d). 
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11. A method according to claim 10, wherein the method steps are 
automatically repeated at predetermined time intervals to manage 
perturbations in the configuration of the pump over time. 

12. A computer program which, when Installed on a computer, causes the 
g computer to perform the method of claim 10 or claim 11. 

13. A computer readable carrier medium which carries a computer 
program as claimed in daim 12. 

14. A computer readable carrier medium according to claim 13, wherein 
the medium is selected from; a floppy disk, a CD, a mini-disc or digital 

10 tape, 

15. A pump apparatus substantially as described herein with reference to 
the Figures 1 to 4 
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ABSTRACT 



A PUMP 



A pump comprising at least one rotor 1, a stator 5 and a housing 2. 
The housing 2 comprises an Inner skin and an outer skin. The rotor Is 
mounted within a cavity that is formed by the inner skin. A second cavity 
6 is formed between the inner and outer skins of the housing 2. Fluid is 
circulated through this second cavity 6 when the pump Is Fn operation. 
The second cavity 6 extends the length of and encircles the rotor 1. 
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